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Abstract
Objectives:  The  goal  of  this  study  was  to  assess  the  efﬁcacy  of  minimally  invasive  interven-
tional radiologic  (IR)  techniques  in  the  management  of  uretero-enteric  ﬁstulae  in  comparison
to established  surgical  modalities.
Materials  and  methods:  Twenty-ﬁve  patients  (16  men,  9  women)  with  a  mean  age  of  47  (range:
19—77 years)  with  uretero-enteric  ﬁstulae  were  treated  with  percutaneous  nephrostomy,  dou-
ble ‘‘J’’  stent,  radiologic  uretero-neocystostomy,  and  radiologic  uretero-pyelocalicostomy.
All patients  had  a  single  ﬁstula  each.  Uretero-enteric  ﬁstulas  were  due  to  direct  or  iatro-
genic trauma  in  14  patients  (uretero-ileal  ﬁstulas,  n  =  6;  uretero-colonic  ﬁstulas,  n  =  4;
uretero-duodenal  ﬁstulas,  n  =  2;  uretero-pancreatic  ﬁstula,  n  =  1;  uretero-fallopian  tube,  n  =  1),
complications  of  pelvic  neoplasms  in  4  patients  (uretero-sigmoid  ﬁstulas,  n  =  4),  inﬂammatory
disease in  4  patients  (uretero-ileal  ﬁstulas,  n  =  2;  uretero-sigmoid  ﬁstulas,  n  =  2),  and  avascular
necrosis  of  renal  transplants  in  3  patients  (uretero-sigmoid  ﬁstulas,  n  =  3).
Results: Drainage  by  percutaneous  nephrostomy  and  double  ‘‘J’’  stent  resulted  in  closure  of
8 uretero-enteric  ﬁstulae  over  7—16  weeks.  Four  uretero-enteric  ﬁstulae  obliterated  after  re-
routing urine  ﬂow  using  3  radiologic  uretero-neocystostomies  and  one  IR  pyelocalicostomy.
In other  patients,  ﬂow  through  the  ﬁstulae  was  substantially  decreased  by  ﬁve  double  ‘‘J’’
stents and  3  percutaneous  nephrostomies.  The  duration  of  inpatient  hospitalization  was  signif-
icantly less  for  patients  managed  successfully  by  IR  procedures  than  those  treated  by  surgical
modalities,  5.07  versus  10.5  days  mean  (P  <  0.05).
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Conclusions:  IR  procedures  provided  deﬁnitive  treatment  in  48%  of  uretero-enteric  ﬁstulae  at
signiﬁcantly  reduced  inpatient  hospitalization  and  cost.  As  palliative  treatment,  it  improved
the quality  of  life.
© 2015  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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necause  of  the  retroperitoneal  location  of  the  ureter,
retero-enteric  ﬁstulae  are  relatively  rare,  accounting  for
nly  about  1%  of  urinary  tract  ﬁstulae.  However,  signiﬁcant
orbidity  and  severity  of  consequences  mandate  closure  of
hese  ﬁstulae.  Penetrating  injury  and  iatrogenic  trauma  are
he  major  causes  of  uretero-enteric  ﬁstulae  [1—8].  Ischemia
nd  de-vascularization  of  the  ureter  as  consequence  of
adiation  therapy  or  occurring  in  patients  with  chronic  rejec-
ion  of  renal  transplants  is  another  cause  [2,9,10].  Chronic
nﬂammatory  disease  of  adjacent  bowel,  such  as  Crohn’s  dis-
ase,  terminal  ileitis  or  diverticulitis,  as  well  as  necrotic
eoplasms  involving  bowel  and  ureter  may  also  result  in
retero-enteric  ﬁstulae  [1,11,12].  Fistulae  may  also  occur
etween  ureters  and  arteries  and  are  a  distinct  subtype
13—16].
Surgical  management  by  uretero-neocystostomy,  small
owel  interposition,  Boari  ﬂap  with  ureter  re-implantation,
retero-ureterostomy  and  native  ureterostomy  to  transplant
idney  pelvis  or  calyx  are  the  preferred  methods,  achieving
losure  of  the  ﬁstulae  in  70.6%  of  patients  [3,8—10,17].  How-
ver,  recently  conservative  measures  such  as  drainage  by
ercutaneous  nephrostomy  tube  (PCN)  or  stents,  in  conjunc-
ion  with  immunosuppressive  and  antibiotic  therapy,  have
eportedly  achieved  long-term  cure  rates  in  62%  of  patients
6,10,12,18,19].  The  goal  of  this  study  was  to  assess  the
fﬁcacy  of  minimally  invasive  interventional  radiologic  (IR)
echniques  in  the  management  of  uretero-enteric  ﬁstulae  in
omparison  to  established  surgical  modalities.
aterials and methods
e  present  a  retrospective  study  of  25  patients  (16  males,  9
emales)  with  a  mean  age  of  47  (range:  19—77  years)  treated
or  uretero-enteric  ﬁstulae  by  PCN,  double  ‘‘J’’  stent,  per-
utaneous  radiologic  uretero-neocystostomy  and  radiologic
retero-pyelocalicostomy.  The  data  were  abstracted  from
he  radiologic  data  ﬁles  and  PACs  of  Tulane  University  Hos-
ital,  LSU  Medical  Center  and  afﬁliate  hospitals,  and  Johns
opkins  Medical  Institutions,  Bayview  Center,  Baltimore,
D,  from  February  1979  to  March  2011.  IRB  was  waived
or  this  retrospective  study  but  informed  consents  had  been
btained  for  all  procedures.
After  the  clinical  diagnosis  of  uretero-enteric  ﬁstula  had
een  established,  patients  were  offered  surgical  manage-
ent  or  treatment  by  minimally  invasive  IR  techniques.
or  assignment  to  surgical  management  the  selection  crite-
ia  were:  co-existent  bowel  or  other  abdominal  organ
njuries  mandating  surgery,  dehiscence  of  the  mid-ureter
egment  greater  than  5  cm,  amenable  to  general  anesthe-
ia.  IR  management  selection  criteria  included:  advanced
ge  (age  >  60  years),  medical  co-morbidities,  amenable  to
n
d
t
conscious  sedation.  Exclusion  criteria  for  IR  management
ere:  need  for  additional  abdominal  surgery,  dehiscence
f  the  mid-ureter  of  greater  than  5  cm,  uncontrollable
leeding  diathesis,  and  impending  necrosis  of  the  ureter.
n  25  patients  slated  for  IR  management  we  encoun-
ered  the  following  co-morbidities:  diabetes  in  6  patients,
ypertension  5,  COPD-emphysema  4,  neoplasms  4,  obesity
,  prior  myocardial  infarct  1,  prior  pulmonary  infarct  2,
enal  disease  2,  diverticulitis  2,  Crohn’s  disease  2,  biliary
alculi  2.
Deﬁnitive  treatment  by  IR  techniques  (endpoint  closure
f  the  ﬁstula)  was  pursued  in  13  patients,  in  another  12
atients  this  goal  was  downgraded  to  palliation  after  fail-
re  to  attain  the  desired  goal  by  the  IR  intervention  became
pparent.
The  following  uretero-enteric  ﬁstulae  were  managed
y  IR  techniques:  one  uretero-duodenal  ﬁstula,  one
retero-fallopian  tube  ﬁstula,  2  uretero-colic  ﬁstulae,  one
retero-pancreatic  duct  ﬁstula  (Fig.  1a,  b),  2  uretero-ileal
stulae  (Fig.  2),  6  uretero-sigmoid  ﬁstulae  (Fig.  3,  Table  1).
irect  or  iatrogenic  trauma  was  the  underlying  cause  in  6
46%),  neoplasm  2  (15.5%),  inﬂammatory  disease  2  (15.5%)
nd  avascular  necrosis  of  the  transplant  ureter  in  3  patients
23%)  (Table  1).
In  twelve  patients  follow-up  nephrostograms  failed  to
how  a  tendency  toward  obliteration  of  the  ﬁstular  tracts
fter  3  to  6  weeks  of  drainage  and  surgical  management  was
ence  instituted.  Direct  or  iatrogenic  trauma  was  the  under-
ying  cause  in  8  (67%),  neoplasm  2  (16.5%),  inﬂammatory
isease  2  (16.5%)  (Table  2).
Image  guided  percutaneous  nephrostomy  was  the  pre-
erred  ﬁrst  intervention  in  treatment  of  uretero-enteric
stulae  not  associated  with  a  signiﬁcant  dehiscence  of  the
reter  or  strictures  caused  by  encasement.  Image  guided
ccess  to  the  posterior  interpolar  calyx  was  favored  and  4.5
o  8  French  pigtail  catheters  (Bard  Urologic,  Milwaukee,  WS)
ere  seated  in  the  pelvis.  Drainage  was  pursued  for  5  to  8
eeks  or  until  the  ﬁstular  tract  was  no  longer  visualized  on
ntegrade  pyelogram.
For  strictures  caused  by  encasement  or  dehiscence  of  the
reteric  segments  5  cm  or  greater,  5  to  9  French  polymeric
ouble  ‘‘J’’  stents  (Bard  Urologic,  Milwaukee,  WS)  were
avored.  These  were  seated  under  image  guidance  prefer-
bly  via  an  antegrade  approach  (8  antegrade  approach,  3
etrograde  cystoscopic).  Occasionally  dilatation  with  4  cm,
 mm  high-pressure  balloon  (Olbert,  Bard  Urologic,  AT)  was
ecessary  to  facilitate  passage  of  the  stent.
Percutaneous  antegrade  image  guided  uretero-
eocystostomy  was  advocated  for  patients  with  a  long
ehiscence,  neoplastic  or  inﬂammatory  mass  obstructing
he  pelvic  ureter.  An  antegrade  pyelogram  was  performed  to
haracterize  the  topographic  anatomy  of  the  lesion.  Under
Uretero-enteric  ﬁstula  1155
Figure 1. a: 41-year-old man with a uretero-pancreatic duct (duct of Wirsung) ﬁstula (arrows) resulted from a projectile injury. An
antegrade pyelogram demonstrates ﬁlling of a ductal structure which in turn opaciﬁes the duodenum (arrow head) [19]; b: a follow-up
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(mean  6.6)  for  2  inﬂammatory  etiologies,  4—11  years  (mean
6.6)  for  3  transplant  etiologies,  5—10  years  (mean  7.5)  for
2  neoplastic  etiologies.  And  for  surgically  managed  patientsnephrostogram, after 11 weeks of percutaneous nephrostomy drain
the old ﬁstular tract (arrow).
ﬂuoroscopic  or  CT  guidance,  a  highly  ﬂexible,  platinum
tip  0.014—0.018  guide  wire  (Cook,  Bloomington,  IN)  was
advanced  to  the  point  of  obstruction  and  then  replaced
with  a  superstiff  0.038  Amplatz  wire  (Cook,  Bloomington,
IN).  Once  the  guide  wire  had  passed  distal  to  the  pelvic
rim,  the  location  of  the  ureter  is  posterior.  Hence,  the
postero-lateral  fundus  of  the  bladder  could  be  accessed
by  advancing  a  transjugular  intrahepatic  portosystemic
shunt  needle  (TIPS,  Cook,  Bloomington,  IN)  or  a  transseptal
needle  (Boston  Scientiﬁc,  Boston,  MA)  in  a  postero-anterior
direction  into  the  bladder.  Frequently  the  tract  had  to  be
dilated  with  an  8—10  cm,  10  mm  high-pressure  balloon  to
enable  seating  of  a  7  or  8  French  double  ‘‘J’’  stent  [10,12].
Radiologic  percutaneous  uretero-neopyelostomy  or  caly-
costomy  was  used  to  manage  dehiscent  ureters  caused  by
chronic  transplant  rejection  and  necrosis  of  the  transplant
ureter.  To  attain  a  bridge  of  viable  urothelium,  the  native
ureter  was  connected  to  the  transplant  kidney  pelvis  or  its
dilated  calyces.  Under  ﬂuoroscopic  guidance  a  rigid  uretero-
scope  was  advanced  in  retrograde  fashion  into  the  native
Figure 2. A 24-year-old man with a uretero-jejunal ﬁstula caused
by a projectile. An antegrade percutaneous nephrostogram demon-
strates dehiscence of the upper ureter and opaciﬁcation of a jejunal
loop via a ﬁstular tract (arrow). The dehiscence was stented via
antegrade approach, excluding the ﬁstula. After 10 weeks, a repeat
antegrade nephrostogram showed no evidence of the ﬁstula.
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uo longer shows a ﬁstula. A localized stricture is seen at the site of
reter,  displacing  the  ureter  toward  the  transplant  kid-
ey.  Its  pelvis  or  calyces  were  accessed  by  a  perforating
uidewire.  An  8  French  double  ‘‘J’’  stent  was  seated  over
he  wire  and  retained  for  6—8  weeks  (Tables  1  and  2).  The
ractice  to  retain  the  native  kidney  for  the  beneﬁt  of  eryth-
opoietin  production  provides  a  viable  ureter.
For  IR  managed  patients  the  long-term  follow-up  was
—12  years  (mean  8.1)  for  6  traumatic  etiologies,  4—11  yearsigure 3. A 19-year-old man with a uretero-appendiceal ﬁstula
s a result of a repair of bowel and ureter injuries caused by a
rojectile. A catheter introduced via a percutaneous nephrostomy
as been advanced over a highly ﬂexible 0.035 guide wire into
he ureter and then cecum (arrow). A uretero-appendiceal ﬁstula
arrow head) demonstrated with the severed end of the ureter hav-
ng been anastomosed to the severed appendiceal stump. Although
ealing progressed satisfactorily, the patient developed severe elec-
rolyte imbalance, which when investigated led to discovery of the
retero-appendiceal ﬁstula. The latter was corrected surgically.
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Table  1  Deﬁnitive  management  by  radiologic  procedure  (n  =  13).
Patient
number
Epidemiologic
data
Fistula  type  Etiology  PN  Stent  UNC  UCC  Tube  in
place
(weeks)
Time  in
hospital
(days)
Outcome
1  37  M  Uretero-ileal  Crohn’s  (I)  x  11  5  Alive  at  6  years
2  44  F  Uretero-sigmoid  Diverticulitis  (I)  x  16  4  Dead  at  4y  unrelated  cause
3  59  M  Uretero-sigmoid  Transplant  necrosis  (N)  x  10  9  Alive  and  well  at  5  years
4  52  F  Uretero-sigmoid  Transplant  necrosis  (N)  x  8  5  Dead  at  4y  hepato-renal
5  51  M  Uretero-sigmoid  Transplant  necrosis  (N)  x  12  4  Alive  at  11  years
6  44  M  Uretero-duodenal  Calculus,  ureteroscopy  (Tr)  x  7  4  Alive  and  well  at  4  years
7  42  F  Uretero-fallopian  Calculus,  ureteroscopy  (Tr)  x  9  7  Alive  and  well  14  years
8  56  M  Uretero-colic  PN  (Tr)  x  14  5  Lost  to  follow-up  2  years
9  46  M  Uretero-colic  PN  (Tr)  Lithotripsy  x  14  5  Alive  and  well  5  years
10  41  M  Uretero-pancreatic  Projectile  (Tr)  x  11  4  Alive  at  12  years
11  24  M  Uretero-jejunal  Projectile  (Tr)  x  10  6  Alive  at  12  years
12  56  F  Uretero-sigmoid  Carcinoma  Cervix  (N)  x  10  3  Dead  at  5  years  of  carcinoma
13  49  F  Uretero-sigmoid  Carcinoma  Cervix  (N)  x  10  5  Alive  at  10  years
PN: percutaneous nephrostomy; UNC: radiologic uretero-neocystostomy; UCC: radiologic uretero-calycostomy; M: male; F: female; d: days; F: female; Tr: traumatic; I: inﬂammatory; N:
neoplastic.
U
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Table  2 Palliative  interventions  and  surgical  management  (n  =  12).
Patient
number
Demographics/days
in hospital  (LOS)
Type Etiology  IR  Duration  Deﬁnitive
surgical
intervention
Time  in
hospital  (days)
LOS
Outcome
1  19  M Uret-  appendicular Projectile  (Tr) PN  6  w Boari-UNC  8  5  y  ok
2  46  M Uret-colic  Lithotripsy  (Tr) ST  5  w U-ustmy  7  5  y  LTF
3  34  M Uter-ileal  Projectile  (Tr) ST  6  w U-ustmy  7  11  y  ok
4  47  M Uret-ileal  Disk-surg  (Tr) ST  5  w U-ustmy  8  9  y  ok
5  54  M Uret-ileal  Ao  surg  (Tr) ST  3  w S  B  Int  Pos 14  Dead  28  m,  stroke
6  77  M Uret-sigm  Node  diss.  (Tr) ST  6  w Boari-UNC  14  9  y  ok
7  34  M Uret-ileal  Stone  basket  (Tr) ST  6  w U-ustmy  6  8  y  ok
8  57  M Uret-duod  Pancreas  abscess  (Tr)
Projectile
PN &  ST 8  w S  B  int  pos 14  Dead  19  m  sepsis,  renal
failure
9  36  F Uret-ileal  Ileitis  (I)  Crohn’s PN  2  w S  B  int  pos 16  Dead  32  m,
hepato-renal  syndrome
10  58  F Uret-sigm  CA  CX,  rad  ther  (N) PN  8  w U-ileal  loop 11  Dead  47  m
11  51  F Uret-sigm  CA  Ovary,  Rad  Ther  (N) ST  6  w U-ileal  loop 12  Dead  26  m
12  52  F Uret-sigm  Diverticulitis
(I)
PN  8  w U-ileal  loop 11  7  y  ok
U-ustmy: uretero-ureterostomy; S B int pos: small bowel interposition; UNY: uretero-neocystostomy; u-ileal loop: uretero-ileal loop; LOS: length of stay; IR: interventional radiology;
M: male; d: days; F: female; uret-colic: uretero-colic ﬁstula; uret-ileal: uretero-ileal ﬁstula; uret-sigm: uretero-sigmoid ﬁstula; uret-duod: uretero-duodenal ﬁstula; uret-appendicular:
uretero-appendiculuar ﬁstula; Tr: traumatic; I: inﬂammatory; N: neoplastic; PN: percutaneous nephrostomy; Ao surg: aortic surgery; ST: stent; w: weeks; y: years; m: months; CA CX:
cancer of the cervix; CA ovary: cancer of the ovary; rad ther: radiation therapy.
1t
8
e
e
a
I
t
t
c
m
c
t
w
a
b
R
O
a
t
ﬁ
p
r
u
l
c
p
t
i
5
b
n
h
v
i
(
s
r
n
o
a
i
t
a
a
4
a
t
f
t
‘
i
n
F
t
u
(
(
u
y
a
(
i
m
w
t
r
m
o
h
t
m158  
he  long-term  follow-up  was  1  1/2—11  years  (mean  5.6)  for
 traumatic  etiologies,  2—4  years  (mean  3)  for  2  neoplastic
tiologies,  2  3/4—7  years  (mean  4.87)  for  2  inﬂammatory
tiologies.
Statistical  analysis  was  made  comparing  the  group  man-
ged  by  surgery  (12  of  our  patients)  to  the  one  managed  by
R  techniques  (13  of  our  patients)  with  the  Mann-Whitney
est,  and  Freeman-Halton  extension  of  Fisher’s  exact  test
o  compute  the  two-tailed  probability.  P  values  <  0.05  were
onsidered  signiﬁcant.  The  12  patients  who  failed  IR  treat-
ent  and  were  ultimately  treated  by  surgery  were  made  the
ontrol  group  for  this  study,  and  the  lengths  of  hospitaliza-
ion  in  the  two  groups  were  compared.  For  cost  comparison,
e  computed  the  mean  cost  for  all  IR  procedures  and  surgery
nd  length  of  inpatient  hospitalization  with  the  endpoint
eing  successful  obliteration  of  the  ﬁstula  tract.
esults
ur  experience  conﬁrms  the  opinion  expressed  in  the  liter-
ture  that  many  uretero-enteric  ﬁstulae  may  be  amenable
o  conservative  management  [6,10,19].  Six  uretero-enteric
stulae  of  traumatic  origin  were  successfully  managed  by
ercutaneous  nephrostomy  drainage  and  double  ‘‘J’’  stents,
equiring  inpatient  hospitalization  of  1—2  days  and  contin-
ed  drainage  for  7—14  weeks  as  outpatients.  Strictures,
ikely  related  to  the  primary  injury,  mandating  dilatation  by
utting  balloon  (Applied  Medical,  Cleveland,  Ohio)  in  two
atients,  drainage  of  three  urinomas  and  surgery  to  correct
wo  bowel  injuries,  all  attributable  to  the  primary  injury,
ncreased  the  mean  duration  of  inpatient  hospitalization  to
.2  days  (Table  1).
One  patient  with  an  underlying  neoplasm  was  treated
y  PCN,  another  by  radiologic  percutaneous  uretero-
eocystostomy,  requiring  2  and  3  days  of  inpatient
ospitalization,  respectively  [20].  Strictures  at  the  uretero-
esical  junction,  treated  by  cutting  balloon  dilatation,
ncreased  the  mean  inpatient  hospitalization  to  4  days
Table  1).Uretero-enteric  ﬁstulae  caused  by  avascular  necro-
is  of  the  ureter,  a  consequence  of  late  transplant
ejection,  were  treated  by  radiologic  percutaneous  uretero-
eocystostomies  in  two  and  IR  native  uretero-calycostomy  in
e
w
(
m
Table  3  Etiology  by  primary  outcome.
Etiology  Primary  outcom
Frequency,  percent  Failure  sx  % 
Inﬂammatory  and  transplant  n  =  3
42.8%
Neoplastic  n  =  3
75%
Trauma  n  =  2
14.3%
Total  8  
Sx: surgery.
a Two were lost to follow-up but the procedure was successful. There
outcome (Fisher’s exact test using the Freeman-Halton extension, twoE.K.  Lang  et  al.
ne  [18]. Need  for  immunosuppressive  and  antibiotic  ther-
py  and  treatment  of  a  stricture  by  cutting  balloon  increased
npatient  hospitalization  to  6  days  mean  (Table  1).
Uretero-enteric  ﬁstulae  due  to  Crohn’s  disease  and  diver-
iculitis  were  treated  by  double  ‘‘J’’  stent  in  one  patient
nd  PCN  drainage  in  the  other.  Concomitant  drainage  of
bscesses  increased  the  mean  inpatient  hospitalization  to
.5  days,  and  catheter  drainage  to  13.5  weeks  (Table  1).
Nine  of  13  patients  were  well  5—14  years  (8.8  years  mean)
fter  the  IR  intervention.  Three  died  5  and  4  years  after
he  intervention  of  underlying  disease,  and  one  was  lost  to
ollow-up  after  2  years.  However,  in  3  of  these  4  patients
he  ﬁstula  had  closed  (Table  1).
After  a  trial  period  of  3—6  weeks,  PCN  and  double
‘J’’  stent  drainage  were  discontinued  in  12  patients  as
nterim  assessment  by  antegrade  nephrostograms  showed
o  decrease  of  ﬂow  through  the  ﬁstulae  (Tables  2  and  3).
our  uretero-ureterostomies,  three  small  bowel  interposi-
ions,  two  Boari  ﬂap  uretero-neocystostomies,  and  three
retero-ileal  loops  were  performed  to  correct  these  ﬁstulae
Table  2).  Inpatient  hospitalization  varied  from  6—14  days
mean  9.5  days).
Six  of  eight  patients  treated  surgically  for  traumatic
retero-enteric  ﬁstulae  were  alive  and  well  at  the  5—11
ear  follow-up  (mean  7.8  years).  One  died  at  28  months  of
 stroke,  and  one  at  19  months  of  sepsis  and  renal  failure
Table  2).
Two  uretero-sigmoid  ﬁstulae  in  patients  with  underly-
ng  neoplasms  and  prior  radiation  therapy  were  deﬁnitively
anaged  by  uretero-ileal  loops.  Both  died  of  the  neoplasm
ithin  26  and  47  months  (Table  2).
Fistulas  due  to  Crohn’s  disease  and  diverticulitis  were
reated  by  small  bowel  interposition  and  uretero-ileal  loop
espectively.  The  patient  with  Crohn’s  disease  died  32
onths  after  the  intervention  of  hepato-renal  failure;  the
ther  patient  is  alive  at  7-year  follow-up  (Tables  2  and  3).
Thirteen  patients  treated  deﬁnitively  by  IR  interventions
ad  a  signiﬁcantly  shorter  inpatient  hospitalization  than  our
welve  treated  by  surgical  modalities,  5.07  versus  10.5  days
ean,  respectively.  If  trauma  was  the  underlying  causative
tiology  the  mean  inpatient  hospitalization  was  5.1  days
hen  treated  by  IR  techniques,  but  9.5  days  for  surgery
Tables  1  and  2). For  underlying  inﬂammatory  disease,  the
ean  was  4.5  day  for  IR  intervention,  versus  13.5  days  for
e
Successful  %  Total  (n)
n =  4
57.2%
7
n =  1
25%
4
n =  12
85.7%
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 was not a signiﬁcant association between etiology and primary
-tailed P = 0.093).
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surgery,  and  for  underlying  neoplastic  disease  4  days  for  IR,
and  11.5  days  mean  for  surgery  (Tables  1  and  2).
Analysis  of  variable  conﬁrmed  a  signiﬁcant  difference
in  length  of  stay  (LOS)  between  the  group  of  thirteen
patients  managed  by  IR  and  twelve  patients  by  surgery
(Mann-Whitney  tests,  P  =  1.73  ×  10−5,  two-tailed  well  below
P  <  0.05).  Conversely,  there  was  no  signiﬁcant  association
between  etiology  and  primary  outcome  (P  =  0.63,  Fisher’s
exact  test)  (Table  4).
For  cost  comparison,  we  computed  the  mean  cost  for  all
IR  procedures  and  surgery  and  length  of  inpatient  hospital-
ization  with  the  endpoint  being  successful  obliteration  of
the  ﬁstular  tract.  The  relative  cost  when  using  IR  manage-
ment  was  80%  of  the  cost  when  using  surgical  management
for  patients  with  similar  proﬁle  of  lesions;  the  length  of  inpa-
tient  hospitalization  for  IR  management  was  53%  of  that  for
surgical  management.
We  recorded  no  early  complications  in  our  patients
treated  by  IR  procedures.  However,  ﬁve  strictures  that
developed  late  were  likely  a  complication  of  the  IR  interven-
tion  and  mandated  correction  by  cutting  balloon  dilatation.
Ten  indwelling  stents  had  to  be  replaced  because  of
incrustation  at  variable  time  frames  (3—9  weeks  after  ini-
tial  placement).  None  of  our  patients  needed  prolonged
drainage  by  PCN  or  stent  after  the  initial  procedure
had  succeeded  in  obliterating  the  ﬁstula.  Mean  survival,
symptom-free  of  obstruction,  in  our  patients  treated  by  IR
was  84  months  after  removal  of  stents,  versus  57.5  months
mean  in  the  subgroup  with  incrustation  of  stents.  For  all  25
patients  in  our  study  the  mean  survival,  symptom-free  of
urinary  tract  obstruction,  after  removal  of  stents,  was  82.5
months.  Survival  was  better  in  the  group  treated  by  IR,  10
of  13  patients  survived,  versus  7  of  12  treated  by  surgery.
Quality  of  life  was  signiﬁcantly  improved  in  22  of  25
patients  after  IR  intervention.  Pain  and  discomfort  were
controlled  or  signiﬁcantly  reduced  in  16  of  17  patients  and
urine  drainage  through  the  ﬁstula  was  reduced  in  4  of  6
patients.  Twelve  of  our  13  patients  treated  deﬁnitively  with
IR  resumed  work-status  within  6.5  days  (mean).
Discussion
Penetrating  injury  and  iatrogenic  trauma  are  the  major
causes  of  uretero-enteric  ﬁstulae  [1,3,5,8,17]. Abdominal
and  transvaginal  hysterectomies  cause  75%  of  all  lower  uri-
nary  tract  ﬁstulae  [21].  Penetrating  and  iatrogenic  trauma
is  known  to  have  caused  ﬁstulous  tracts  to  the  duodenum,
jejunum,  ileum,  colon,  sigmoid  colon,  appendix,  fallopian
tubes,  uterus,  vagina,  gallbladder  as  well  as  arteries  and
veins  [4—8,13—19,22—25].
t
s
t
Table  4  Length  of  stay  (LOS).
Primary  outcome  N  obs  25th  pctl  Me
Failure,  sx  12  7.5  10
Successful  13  4  4
N obs: number observed; pctl: percentile; std dev: standard deviation;
of LOS between the two groups (Mann-Whitney tests, P = 1.73 × 10−5
methods had a much shorter LOS.1159
Inﬂammatory  diseases,  such  as  Crohn’s  disease,  terminal
leitis  and  diverticulitis,  likewise  may  cause  uretero-enteric
stulae,  although  the  incidence  is  low,  about  1%  [11,12].
onversely,  ﬁstulae  to  the  bladder  are  common.  In  Crohn’s
isease,  ﬁstulae  tend  to  occur  with  a  2½-year  delay  after
he  onset  of  disease  [12].
Uretero-enteric  ﬁstulae  occur  in  about  3.5%  of  patients
fter  transplant  kidney  surgery  [19]. There  are  two  peak
ncidences,  the  ﬁrst  within  6  days  after  surgery  and  the
econd  after  several  years  of  satisfactory  function  of  the
ransplant  kidney.  Chronic  rejection  and  attendant  avascu-
ar  necrosis  of  the  transplant  ureter  are  the  likely  causes
9,10,22,26].
De-vascularization  and  ischemia  of  the  ureter  secondary
o  trauma  or  radiation  therapy,  as  well  as  contiguous
xtension  of  neoplasms  involving  bowel  and  ureter  and
ubsequent  tumor  necrosis,  can  result  in  ﬁstula  formation
1,10,14,21,27].
Endoscopic  and  endourologic  interventions  are
dvocated  as  the  ﬁrst  line  interventions,  particu-
arly  if  the  complication  is  discovered  at  the  time  of
ccurrence  [3,4,9,23].  Otherwise,  surgical  manage-
ent  has  been  the  preferred  form  of  treatment  for
hese  ﬁstulae  [3,9,23,28—30]. Uretero-ureterostomy,
retero-neocystostomy,  small  bowel  interposition,  native
reter-pyelostomy  or  calycostomy  to  the  transplant  kidney,
ugmentation  cystoplasty,  and  ureter-ileostomy  loop  are
eﬁnitive  surgical  interventions,  which  reportedly  have  a
uccess  rate  of  about  70.6%  [10,22]. Recently  conservative
anagement,  such  as  drainage  by  PCN  or  double  ‘‘J’’  stent,
n  conjunction  with  immunosuppressive  and  antibiotic
herapy  has  achieved  closure  of  ﬁstulae  in  about  62%  of
atients  [6,10,12,22].  An  endovascular  approach  has  been
dvocated  for  obliteration  of  uretero-vascular  ﬁstulae  [16].
In  our  patients,  minimally  invasive  IR  procedures
chieved  closure  of  uretero-enteric  ﬁstulae  in  48%,  at  a
ean  of  5.07  days  inpatient  hospitalization,  and  hence  at
 low  cost.  Once  drainage  was  established,  the  treatment
as  continued  on  an  outpatient  basis,  at  a  much-improved
uality  of  life,  enabling  most  patients  to  resume  work
nd  a normal  life  routine.  The  need  for  exchange  of  ten
tents  because  of  incrustations  could  be  met  on  an  out-
atient  basis,  without  restricting  the  patient’s  activities.
omplications  attributable  to  the  IR  procedures  were  infre-
uent  and  correctable  by  minor  IR  interventions  such  as
utting  balloon  dilatation  of  strictures  and  exchange  of
ncrusted  double  ‘‘J’’  stents.If  at  3—6  weeks  interim  assessment,  closure  of  the  ﬁs-
ula  by  drainage  procedures  was  deemed  unlikely,  deﬁnitive
urgical  correction  was  instituted.  The  delay  caused  by  ini-
ial  IR  drainage  did  not  appear  to  adversely  inﬂuence  the
dian  75th  pctl  Mean  Std  dev
.5  14  10.583  3.4
 5  5.077  1.27
 sx: surgery; there was a signiﬁcant difference in the distribution
, two-tailed test P < 0.05); those treated by minimally invasive
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uccess  rate  of  subsequent  surgical  procedures,  but  provided
 better  quality  of  life  in  the  interim.
The  variable  outcome  of  IR  interventions  for  different
nderlying  conditions  raises  the  question  of  selection  of
ptimal  criteria  for  a  larger  cohort  study.  Assignment  of
atients  in  need  for  additional  bowel  or  abdominal  organ
urgery,  with  dehiscence  of  the  mid-ureter  of  more  than
 cm,  or  impending  necrosis  of  the  ureter,  to  surgical  man-
gement  may  improve  results  and  reduce  incidence  of
ate  complication.  Conversely,  ﬁstulae  with  underlying  neo-
lasms,  those  involving  the  pelvic  segment  of  the  ureter,  or
ccurring  in  transplant  kidneys  may  best  be  handled  by  IR
ntervention.  Lack  of  well-deﬁned  criteria  for  assignment
o  IR  or  surgical  management  and  changes  in  treatment
odalities  evolving  over  this  extended  study  period  are
hortcomings  of  our  study.  The  possibility  of  using  conscious
edation  for  IR  procedures  versus  general  anesthesia  usually
ecessary  for  surgical  interventions  is  another  cost-reducing
actor.
In  summary,  our  study  conﬁrms  the  feasibility  of  man-
gement  of  uretero-enteric  ﬁstulae  in  approximately  50%  of
hese  patients.  Importantly,  uncomplicated  and  simple  IR
rocedures  are  adequate  for  the  majority  of  patients.  The
ost  of  attaining  closure  of  such  ﬁstulae  is  signiﬁcantly  lower
or  IR  management  and  discomfort  attendant  such  ﬁstulae
re  relieved  promptly  after  instituting  drainage  by  IR.
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